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(54) Method of bonding a diamond film to a substrate. 

(g) A CVD diamond film (12) is bonded to a 
substrate (10) by first depositing a bonding 
metal (16) on a surface (14) of the substrate (10), 
depositing the CVD diamond film (12) on the 
metal layer (16) to produce a composite and 
heating the composite to cause the metal layer 
(16) to bond the CVD diamond film (12) to the 
substrate (10). The metal layer is preferably an 
alloy of copper, nickel or silver or a mixture 
thereof containing a carbide-forming metal. 
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METHOD OF BONDING A DIAMOND FILM TO A SUBSTRATE 



BACKGROUND TO THE INVENTION 



DESCRIPTION OF EMBODIMENTS 



This invention relates to a method of bonding a 
diamond or diamond-like film to a substrate. 

The growth of diamond films or diamond-like films 
on substrates by chemical vapour deposition (CVD) 
methods are known in the art These methods involve 
decomposing gaseous carbon compounds such as 
hydrocarbons or carbon monoxide in the presence of 
the substrate. The decomposition can be achieved 
using various methods including heat, radio fre- 
quency (RF) energy or microwave energy. 

The diamond or diamond-like material produced 
by chemical vapour deposition is known as CVD 
diamond. 

CVD diamond films deposited on a variety of sub- 
strates are finding a range of applications in areas 
such as cutting tools, heat sinks, wear-resistant sur- 
faces and the like. 

For many of these applications good adhesion of 
the CVD diamond film to the substrate is a prime con- 
sideration. However, good and reproducible adhesion 
has not proved to be easily achievable. This is particu- 
larly so for ceramic substrates such as silicon nitride 
and tungsten carbide. Delamination of the CVD 
diamond film occurs either spontaneously or during 
use. 

European Patent Publication No. 0 319 926 des- 
cribes a method for preparing a machining tool having 
a cladding layer of diamond formed by CVD techni- 
ques which comprises the steps of forming a film of 
diamond on a surface of a temporary substrate, bond- 
ing the diamond film by brazing to a surface of a base 
body of the machining tool and removing the tempor- 
ary substrate. 

SUMMARY OF THE INVENTION 

According to the present invention, a method of 
producing a product comprising a diamond or dia- 
mond-like film bonded to a substrate includes the 
steps of providing the substrate, applying a layer of a 
bonding metal to a surface of the substrate, deposit- 
ing a diamond or diamond-like film on the metal layer 
by chemical vapour deposition to produce a compo- 
site, and heating the composite to cause the metal 
layer to bond the film to the substrate. 

DESCRIPTION OF THE DRAWINGS 

Figures 1 and 2 illustrate schematically different 
embodiments of the invention. 



The invention utilises the ability of certain metals 
5 to wet and bond to diamond and to various substrates. 
The metal will vary according to the nature of the sub- 
strate. The metals which are useful in the practice of 
the invention can be pure metals or alloys. 

Examples of suitable alloys for use with ceramic 
10 substrates are those which contain an active metal, 
i.e. a metal which is capable of forming a carbide. 
Examples of such active metals are titanium, molyb- 
denum, hafnium, niobium, tantalum and chromium. 
Typically, the other metals in the alloy will be copper, 
15 gold, nickel and silver and mixtures thereof. Examples 
of suitable alloys are a copper/silver alloy containing 
an active metal and a gold/silver/tantalum/titanium 
alloy. 

The substrate may be any known in the art, but 
20 will typically be ceramic in nature. Examples of suit- 
able substrates are carbides such as tungsten car- 
bide or silicon carbide, nitrides such as silicon nitride 
and sialon. 

The heating of the composite will take place 

25 under conditions which allow bonding between the 
film and the substrate to take place. It is also important 
that the conditions are such as to inhibit degradation 
of the diamond or diamond-like film. Typically, the 
heating will take place at a temperature at or above 

30 that at which diamond growth takes place, typically of 
the order of 700°C to 1 1 00°C in an inert, non-oxidising 
or reducing atmosphere or in a vacuum. 

The diamond or diamond-like film is deposited on 
the metal layer by any chemical vapour deposition 

35 method known in the art. It may be deposited directly 
on a surface of the metal layer. Alternatively, a layer 
of a protective material may be sandwiched between 
the metal layer and the diamond or diamond-like film. 
The protective layer may be used to protect the metal 

40 layer from degradation during the CVD deposition 
and/or subsequent heat treatment 

Typically, the thickness of the CVD diamond film 
will be from 5 microns up to a few thousand, e.g. 3000 
microns. 

45 Embodiments of the invention will now be des- 

cribed. Referring first to Figure 1, there is shown a 
substrate 10 having CVD diamond film 12 bonded to 
a surface 14 thereof through a metal bonding layer 1 6. 
The metal layer 16 is deposited on the surface 14 of 

50 the substrate and the diamond film then deposited on 
the metal layer using any CVD method. The coated 
substrate is sintered in a vacuum oven at a tempera- 
ture exceeding 900°C in order to bond the CVD 
diamond film to the substrate through the metal layer. 

55 The CVD deposition process is carried out either 

in a highly reducing atmosphere containing a high 
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concentration of atomic hydrogen or in an oxidising 
atmosphere containing atomic oxygen or halogens. 
This environment may attack the metal bonding layer 5 
by forming hydrides, oxides or halides. To minimise 
this problem, a layer of a protective material may be 
sandwiched between the CVD diamond film and the 
metal bonding layer. Examples of protective materials 
are metals such as gold, silver and platinum and other 10 
materials such as silicon and silicon nitride. This 
embodiment is illustrated by Figure 2 where like parts 
carry like numerals. The protective material layer is 
numbered 18. 

In place of the protective materials set out above, 15 
a layer of another protective material may be used, for 
example, a coating of a thin layer of amorphous or dia- 
mond-like carbon can be deposited on the metal layer 
1 6 using any of a variety of techniques such as radio 
frequency plasma assisted CVD at temperatures of 20 
the order of 300°C, radio frequency (RF) sputtering, 
ion beam sputtering or dual beam assisted sputtering. 

A combination of a first protective metal layer and 
a second protective material layer may also be used. 

During the deposition of the CVD diamond or dia- 25 
mond-Jike film it is possible that some interdtffusion 
between the metal and protective layers 16, 18 could 
take place. To prevent this a thin layer of a "diffusion 
barrier" of a material such as platinum or titanium nit- 
ride may be interposed between the layers 16,18. 30 



wherein the ceramic substrate (10) is selected 
from carbides, nitrides and sialon. 

6. A method according to any one of the preceding 
claims wherein a layer (18) of a protective ma- 
terial is deposited on the metal layer (16) prior to 
the deposition of the diamond or diamond-like film 

(12). 

7. A method according to claim 6 wherein the pro- 
tective material is selected from sold, silver, plati- 
num, silicon, silicon nitride and amorphous 
carbon. 

8. A method according to claim 6 wherein a combi- 
nation of a first layer of a protective metal and a 
second layer of a protective material is deposited 
on the metal layer (16) prior to the deposition of 
the diamond or diamond-like film. 

9. A method according to claim 6 wherein a layer of 
a diffusion barrier is interposed between the layer 
(18) of a protective material, and the metal layer 
(16). 

10. A method according to any one of the preceding 
claims wherein the thickness of the diamond or 
diamond-like film (12) is from 5 microns up to a 
few thousand microns. 



Claims 

1. A method of producing a product comprising a 35 
diamond or diamond-like film (12) bonded to a 
substrate (10) includes the steps of providing a 
substrate (10), applying a layer (16) of a bonding 
metal to a surface (14) of the substrate (10), 
depositing a diamond or diamond-like film (1 2) on 40 
the metal layer (16) by chemical vapour deposi- 
tion to produce a composite, and heating the com- 
posite to cause the metal layer (16) to bond the 

film (12) to the substrate (10). 

45 

2. A method according to claim 1 wherein the sub- 
strate (10) is a ceramic substrate and the metal 
layer (16) is an alloy containing a metal capable 
of forming a carbide. 

50 

3. A method according to claim 2 wherein the car- 
bide-forming metal is selected from titanium, 
molybdenum, hafnium, niobium, tantalum and 
chromium. 

55 

4. A method according to claim 3 wherein the other 
metal in the alloy is selected from copper, gold, 
nickel and silver and mixtures thereof. 

5. A method according to any one of claims 2 to 4 



11. A method according to any one of the preceding 
claims wherein the heating takes place at a tem- 
perature of 700°C to 1100°C in an inert, non- 
oxidising or reducing atmosphere, or in a 
vacuum. 
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